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(54) High-frequency transmitter-receiving apparatus for such an application as vehicle-onboard 
radar system % 



(57) A high-frequency transmitter-receiver appara- 
tus includes a transceiver circuit (10) realized in a planar 
structure by a dielectric substrate (3) and a semiconduc- 
tor chip (4) and a planar antenna (7) formed on a die- 



lectric substrate (2) are provided on front and rear sur- 
faces, respectively, of a single electrically conductive 
base plate (1 ). Signal lines of the planar circuit and the 
planar antenna are electrically interconnected by a co- 
axial line (106-1, 106-2). 
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Description 



[0001] The present invention relates generally to a 
high-frequency transmitter-receiver apparatus which 
can be employed as a radar for an automobile or motor 
vehicle, a communication device in a wireless LAN (lo- 
cal area network) and others. Further the present in- 
vention is concerned with an antenna unit incorporating 
a high-frequency transmitter-receiver device and a ve- 
hicle-onboard radar system incorporating the same. 
[0002] For the high-frequency transmitter-receiver 
apparatus employed as the vehicle radar, the wireless 
LAN or the like, it is important to realize the high-fre- 
quency transmitter-receiver apparatus in a miniaturized 
and simplified structure from the standpoint of mounta- 
bility and portability of the apparatus. - 
[0003] As one of the conventional high-frequency 
transmitter-receiver apparatuses designed for use as a 
radar for a motor vehicle, there can be mentioned the 
apparatus disclosed in "Proceedings of 1997 IEICE (In- 
stitute of Electronics, fnforrnaiibri and Communication 
Engineers) Convention; Paper No: C-2-121:'60 GrHz- 
BAND ; MILLIMETER-WAVE BAND RADAR ' UNIT" 
(hereinafter referred to as the prior art reference 1). In 
this known transmitter-receiver apparatus; a miiiimeter- 
wave (60 GHz band) transmitter receiver circuit or 
transceiver circuit isvreaiized as a i discrete transmitter- 
receiver unit' encased - within a housing. On the other 
hand, an antenna uhu is ateo realised as a discrete unit 
and adapted to be connected to the transceivercircuit 
unit. More specifically: a 'Waveguide terminal serving as 
input/output terminal vornlVa radio-frequency or RF sig- 
_ nal is provided on a rear cr bottom surface of the trans- 
mitter-receiver 7 ur.itt Simiiariy; trie antenna unit is 
equipped with a ; corresponding waveguide terminal. 
Thus, the transmitter-receiver unit and the antenna unit 
can be electrically - interconnected by using a 
waveguide. ^ 

[0004] Further, in : UP-A-8-250S13 (hereinafter re- 
ferred to as the prior art reference 2), there is disclosed 
a high-frequency transmitter-receiver apparatus in 
which a planar antenna is formed on an outer surface 
of a package in which a monolithic microwave integrated 
circuit (hereinafter referred as MMIC) is hermetically ac- 
commodated. Figure 18 of the accompanying drawings 
shows a structure of the same. As can be seen in the 
figure, an antenna 142 is mounted on a bottom surface 
141 of the package while a MMIC 143 is mounted as 
embedded within the package in opposition to the an- 
tenna 142. The bottom surface of the MMIC package 
143, that is, iha:top surface of the MMIC package 143 
as viewed in the. figure, is provided : with a slot 146 
formed by removing partially a ground conductor layer 
145. A conductor pattern 144 constituting a part of a 
high-fr quency circuit and provid d on the bottom sur- 
face of th MMIC package 1 43 and th ant nna 1 42 are 
coupl d electrqmagn iically through the medium of the 
slot 146 A bending pad 147 provid d on the surface of 



the MMIC package 143 and a power source terminal 
1 49 also provided on the same surface for receiving ex- 
ternal power supply are electrically interconnected by a 
bonding wire 1 48. 
5 [0005] According to the technique described in the pri- 
or art reference 1 , the transceiver unit and the antenna 
unit designed and realized discretely from each other 
are interconnected for constituting the high-frequency 
transmitter-receiver apparatus. This structure is certain- 
10 |y advantageous in that the characteristics of the trans- 
ceiver unit and the antenna unit can be evaluated inde- 
pendent of each other. However, a large number of parts 
are required with the structure being complicated, which 
makes it difficult to realize the high-frequency transmit- 
*s ter-recerver apparatus in a miniaturized and simplified 
structure. In particular, coupling of the discrete units 
through the waveguide in a very high frequency band 
such as a millimeter wave band involves complexity in 
machining the waveguide, terminals and others, giving 
20 rise to a problem of high manufacturing cost. 

[0006] On the other hand, according to the teachings 
discibsed in the prior art reference 2, the high-frequency 
transceiver circuit and the antenna are electromagneti- 
caliy coupled through the slot. With such contactless 
Coupling, insertion 1 toss of the high-frequency signal 
tends to increase. In order to suppress such insertion 
ioss, the thickness of the electrically conductive plate 
141 disposed between the antenna and the high-fr - 
quency transceiver circuit has to be reduced as thin as 
30 possible. By way of example, it is reported that in the 
case of the high4requericy transmitter-receiver appara- 
tus for the signal of* 1 0 G Hz, the ihickh ess of the elec- 
trically cc^ucth/e piate'mentioned above is on the order 
- of 0.5 to 0.7 mm. Thus! for the signal of millimeter wave 
35 band (ca. 60 GHz), the thickness of the electrically con- 
ductive piate has to be further decreased. Consequent- 
ty. a great difficulty will be encountered in sustaining a 
desired mechanical strength with the structure in which 
the antenna and the high-frequency circuit are provided, 
40 respectively/on both surfaces of the conductive plate. 
In other words, some reinforcing mechanism or struc- 
ture will be required. Besides, the electromagnetic cou- 
pling^ the signal of short wavelength such as millime- 
ter-wave requires high dimensional precision for realiz- 
es ing the slot as well as high -precis ion positioning of the 
antenna pattern 1 42 and the high-frequency circuit pat- 
tern 144, which of course imposes not a little burden on 
the assembling work. Additionally, in order to assure re- 
liability of the MMIC, the whole package must be impie- 
so mented in a hermetically sealed structure, which 
renders the assembling work more difficult. 
[0007] In the light of the state of the art describ d 
above, it is an object of the present invention to provide 
a high-fr qu ncy transrhitt r-r c ive'r apparatus which 
ss can essentially evad th probl ems of th conventional 
apparatus mentioned above * 
[0008] Anoth r obj ct of the pres nt invention is to 
provide ah antenna unit which incorporates as ah inte- 
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gral part thereof a high-frequency transmitter-receiv r 
devic and in which the problems such as mentioned 
above are solved satisfactorily. 

[0009] It is yet another object of the present invention 
to provide a radar system in which the antenna unit men- 
tioned above is employed. 

[0010] In view of the above and other objects which 
will become more apparent as the description proceeds, 
there is provided according to an aspect of the present 
invention, a high-frequency transmitter-receiver appa- 
ratus in which a high-frequency transceiver circuit com- 
posed of an oscillator, an amplifier, a mixer circuit and 
the like is realized in the form of a planar circuit structure 
by using a dielectric substrate, and a semiconductor 
chip, while an antenna for transmitting and receiving a 
high-frequency signal is realized as a planar antenna by 
using a dielectric substrate, wherein the dielectric sub- 
strate constituting a part of the planar circuit structure 
and the dielectric substrate constituting a part of the pla- 
nar antenna are directly bonded oh first and second sur- 
faces, respectively, of a single electricajry. conductive 
base plate, the first and secprKJ surfaces being p^ppsite 
to each other, and wherein hj^ 

of the planar circuit Qnd the planar antenna, respective- 
ly, are interconnected by an coaxal jjns which extegdS;. 
through the base plat e >f [ . ; f * _ ; , ;r ... 
[0011] By virtue 'ott^ 

there can be realfzecj a' Mn^ry .\^{^Y£?r the 
transceiver ; circuit anci the antema^.are ^o^jnecj.injte- 
pjrally with each , other, wherejiy^ the faqtqrs c^tnb.utjng, , 
tbdeterioratiW 

with the numberof parts tfe'ingd^^ the 
apparatus can be mwatunzed^as a whoje., _ ( %c ( 
[0012]/ In a inr^e.for rar^inV^ inven- 
tion, those portions 6l t tiSe coaxial line (coaxial cable) 
where the coaxial line is connected, respectively, to the 
dielectric substrate constituting a part of the planar cir-. 
cuit structure and the dielectric substrate constituting a 
part of the planar antenna structure should preferably 
be realized in an airtight structure by using a dielectric 
.such as glass, ceramic or the like: y . 

[001 3] In that case, the transceiver circuit structure in- 
cluding the semiconductor chip, can be realized in a her- 
metically sealed structure without any appreciable diffi- 
culty. 

. [0014] , Furthermore, according to another aspect of 
the present invention, there is provided a high-frequen- 
cy transmitter-receiver apparatus which includes a base 
plate, an antenna provided on a first surface of the base 
plate, a transceiver circuit provided on a second surface 
of the base plate opposite to the first surface and elec- 
trically connected to the antenna, and a terminal for ex- 
ternal connection provided on the second surface of the 
base plate for supplying a source current to the trans - 
c iver circuit or putputting an electric signal. The_t?as 
plat is provided with a concav . portion in the first,sur- 
face and covered with the ant nna and a through-hole 
extendihg'thrdug^the cccicave^portion and the second 



surface. A connecting terminal for supplying a source 
current to the transceiver circuit or outputting a signal 
extends through the through-hole and connected to the 
terminal for external connection in the concave portion. 
5 The connecting terminal is implemented in a line struc- 
ture having a metal conductor electrically insulated from 
the base plate in the through-hole. 
[0015] In a preferred mode for carrying out the present 
invention, the coaxial line interconnecting the high-fre- 
io quency transceiver circuit and the antenna on one hand 
and the coaxial line for the terminal for receiving D C. 
biaspr power supply and/or the input/output terminal for 
an IF (intermediate frequency) signal on the other hand 
should be realized in a same structure and disposed in 
is a same orientation. Owing to such arrangement, the 
work efficiency in assembling the apparatus can be en- 
hanced, and additionally common use of the circuit com- 
pooents can i>e .^chieyed, > gy way of example, the co- 
axial line of, a same strupture can be used not. only as 
20 the -connecting, terminal tju^also for interconnection of 
, tfie , transceiver circuit, and, t the antenna.- Besides, the 
tra/isceiver circuit including the semiconductor chip can 
. ' be realized in a. |ierfTietical|>; . sealed, structure, without 
. any a^reciatye 4 j^tculty.* .y , ^ 

2S r [optH ( , .The above ,an9l [other objects, features and at- 
, . teAd^nt aoyantagaSi Ot .Represent invention will rnore 
. eastf^be u'n^ fpllowing descrip- 

. ^.tipn^of; the. pref,errg^ emj^jtments therept taken, only 
\ £y . way of examp|e^jco^^ 

: 30 ^^9:^^^9 s fi- ^ o* -B/^nno- :/i v , .... 
, .(0017]^ t |n tfje^urseof t^eddesqriptipn which follows. 
~ reter^nce^ , . 

, . Fig.,1 is a^qc4jcria|y^w,showing a high-frequency 
35 , \ , transmitter-recejyef apparaXus according to an em- 
bodiment oi the present invention; 
Fig. 2 is a bottom plan view of the high-frequency 
transmitter-receiver apparatus shown in Fig. 1; 
Fig. 3 is a sectional view showing a structure of a 
40 . hig^-frequency4ransmitter-receiver apparatus ac- 
cording to another embodiment of the present in- 
vention; 

Fig. 4 shows in a sectional view a structure of a high- 
frequency transmitter-receiver apparatus accord- 

45 ^ ing to still another.embodimentpf the present inven- 
tion;, . - 
Fig. 5 is. a fragmentary sectional view showing on 
an enlarged scale a structure around a coaxial lin 
, or cable in the high -frequency, transmitter : receiv r 

so apparatus ^hown irvf.ig. 4v.o*:o^ 3 = . - 

Fig. 6 -is a sectional vieWjShowing an antenna unit 
' t> . incorporating a high-frequency transmitter-receiver 

device according to yet another. embodiment of th 
( . ... j present .invent ion; ■. i : 

: 55 ^ Fig. 7 is a sectional view shovving anoth r structure 
of the antenna unit incorporating a high-frequ ncy 
transmitt r r ieceiver device, according to a further 
embodiment of Vye present invention; . 
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Fig. 8 is a sectional view showing a high-frequency 
transmitter-receiver apparatus which is designed 
for use in a vehicle-onboard radar system according 
to a still further embodiment of the present inven- 
tion; „ - 5 
Fig. 9 is a bottom plan view of the high-frequency 
transmitter-receiver apparatus shown in Fig. 8; 
Figs, 1 0A and 1 0B show a structure of a mid portion 
of a base plate of. a high-frequency transmitter-re- 
ceiver apparatus according to an embodiment of 10 
the present invention, in which Fig. IOA is a top plan 
view of the same, and Fig. 10B is a sectional view 
taken along a line A-B shown in Fig, 10A; 
Fig. 11 is a partially enlarged sectional view for il- 
lustrating a structure around an IF (intermediate fre- is 
quency) signal terminal (tannina! of a coaxial struc- 
ture) in a high-frequensy transmitter-receiver appa- 
ratus, according to another embodiment of the 
present invention; . ; 

Fig. 12 is a sectional viow showing on an sn!arged 20 
scale another structure of an i F signa: terminal (ter- 
minal of a coaxial structure) according to stUI anoth- 
er embodiment of the present invention; - " ■ A 
Fig. 1 3 is e sectional view of a high-frequency trans- 
mitter-receiver apparatus according to yet another 2s 
embodiment cf the present: invention;- 
. F J9-. 1 4 is a -seciinnalyjsw of a high-frequency Srans- 
mrtter-resfw/er apparatus according to a further em- 
bodiment of the p-ssen*-. in von tlan ; * ■ . > ■> - 
■ Figs.. 15A -and 15*i?.s(?r>wa structure of a higivfro- 30 
■ . quency -transmitter^ecdiverappairatus according :o 
. a yet further enibodirrtent-vjf the ■ present invention, 
wherein F:g. : JSAms a* circuit .diagram showing a 
high-frequency (RF) -fscreufr and Fig. 15B shows a 
circuit pattern; ? ; v - > 35 
Figs. 1 6A and 1 65 shows-a structure of a high-fre- 
quency transmitter receiver apparatus according to 
a still further embodiment of the present invention, 
wherein Fig. 16A is a circuit diagram showing a 
high-frequency (RF) circuit and Fig. 16B shows a 40 
circuit pattern thereof; 

Figs. 1 7A and 1 7B show a high-frequency transmit- 
ter-receiver apparatus according to anotherem- 
bodiment of the present invention, wherein Fig. 1 7 A 
is a circuit diagram showing a high-frequency (RF) 45 
circuit and Fig. V7B shows a circuit pattern thereol; 
Fig. 18 is a sectional view showing a conventional 
high-frequency- : transmitter-receiver apparatus 
known heretofore; and 

Fig. 19 is a view for illustrating pictorially a vehicle- so 
onboard radar, system, 

[0018] The present invention will be described in de- 
tail in conjunction with what is presently considered as 
preferred or typical embodim nts thereof by r fer nee ss 
to the drawings, b ing understood that th pres nt in- 
v ntionisnev r restricted to in se embodiments but nu- 
merous modifications or changes in design can occur to 



those skilled in the art without departing from the ambit 
of th invention. In the following description, lik r fer- 
ehce characters designate like or corresponding or 
equivalent parts throughout the several views. Also in 
the following description, it is to be understood that such 
terms as "top"; "bottom", "right", "left" and the like are 
words of convenience and are not to be construed as 
limiting terms. 

[0019] Figure 1 is a sectional view showing a high- 
frequency transmitter-receiver apparatus according to 
an embodiment of the present invention As can be seen 
from the figure, the high-frequency transmitter-receiver 
apparatus includes a base plate 1 made of a metal and 
having a top surface on which an antenna substrate 2 
formed of a dielectric for constituting an antenna is 
bonded and a bottom surface on which a circuit sub- 
strate 3 formed of a dielectric for constituting a transmit- 
ter-receiver or transceiver circuit and a monolithic mi- 
crowave integrated circuit semiconductor chip (herein- 
after referred to as the MM! C semiconductor chip or sim- 
ply as the semiconductor chip) 4 are mounted by bond- 
ing. Meta! patterns 10 on circuit substrate deposited on 
'the' surface of the circuit substrate 3 and metal patterns 
7-drt antenna substrate deposited oh the surface of the 
antenna substrate 2 are eiectrically connected to each 
other by a center conductor 6 of a coaxial line. Since th 
-Mmicbnductbf chip 4 is not packaged, the transceiver 
circuit is hermetically seaied by means of a cover 5 of 
transceiver components made of a metal. Mounted lo-- 
caily on the transceiver component cover 5 are termi- 
nals -'12 lor the 'external connection to [a power source 
arid for an IF (ifiterrvWdiaie frequerfcy) signal, being 
electrically insulated from the conductor plate (base 
plate) and the transceiver component cover 5, respec- 
tively, by insulation materials 8 and 9. The terminals 12 
for external connection (hereinafter referred to as the 
external terminal only for convenience of description) 
and the transceiver circuit on one hand and the circuit 
pattern conductor and the semiconductor chip on the 
other hand are interconnected by bonding wires 11. In 
this conjunction, it should however be mentioned that 
the semiconductor chip 4 may be electrically contacted 
directly onto the circuit substrate 3 in a so-called flip chip 
mount structure, as will be described later on by refer- 
ence to Fig. 4. Further, the base plate 1 and the trans- 
ceiver component cover 5 may be formed of a nonme- 
tallic material such as plastic or the like with the surface 
thereof being coated with a metal through plating, evap- 
oration or the tike process, 

[0020] Figure 2 is a bottom plan view 6f the high-f r - 
quency transmitter-receiver apparatus, in which the an- 
tenna substrate 2 mounted on the top surface is indicat- 
ed by a phantom line. . 

[0021] Figur 3 shows a structure of the high -frequen- 
cy transmitter-rec iv r apparatus according to another 
rnbcdiment of the inv niion, in which the bas plat 1 
is divided s parably into a mid portion 1-2 wher the 
transceiver circuit is provided and a peripheral portion 
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1 -1 . The mid portion 1 -2 should be so dimension d that 
at least the transceiver component cover 5 can be 
mounted. By realizing the base plate 1 in the divided 
structure, efficiency in assembling the high-frequency 
transmitter-receiver apparatus as a whole can be en- s 
hanced, provided that the area of the transceiver circuit 
is sufficiently small when compared with that of the an- 
tenna. 

[0022] Figure 4 shows in a sectional view another ex- 
ample of the structure of the high-frequency transmitter- io 
receiver apparatus in which the transceiver component 
cover 5 is constituted by a side frame 5-2 and a cover 
sheet 5-1. Mounted at a location of the side frame 5-2 
are pin terminals 12* for external connection, wherein 
the pin terminals 1 2* are. electrically insulated by insula- is 
tion material 8'. It can further be seen that the transceiv- 
er circuit is realized in a flip-chip, package structure in 
which the MMIC semiconductor chip is mounted directly 
on the circuit substrate, as mentioned previously- 
[0023] Figure 5 is a fragmentary sectional view show- 20 
ing on an enlarged scale the coaxial line {or coaxial ca- 
ble, to say in another way) for electrically interconnect 
ing the transceiver circuit and the antenna. -Deposited 
on the antenna substrate 2 bonded onto the top surface 
of the base plate 1 are. metal patte rns 7 : on antenna sutf- ^s 
strate and an. ground conductor (or earto conductor) 2J . 
On the other hand, metai patterns 1 0 on circur^substrate 
and a ground I inductor (or earth c^ducXor^ ;31 are-de- 
posited on the circuit substrate ^.vvfiich is. bonded onto 
the bottom su rface of the base .plate 1? 3 .. Electrical con- 30 
nection between Jhe jpietaj patterns^7 ? on r anjqrma subr 
strate and' the mejal patterns,^ sutpstfaie is 

established by means of the center-conductor 6 support- 
ed by a dielectric 14 of the coaxial Jine and solders, 13^1 
and .1 3 2. In this conjunction, by. using the coaxial line 3S 
of the structure in which glass, ceramic or the like may 
be employed as the dielectric 1 4, airtightness can.easily 
be ensured for the high-frequency transmitter-receiver 
apparatus inclusive of the semiconductor chip. 
[0024] For realizing the connection between the cent- 40 
er conductor 6 and the metal patterns 7 and 1 0, electri- 
cally conductive layers 23 and 33 may be deposited by 
plating or the like process on lateral surfaces of through- 
hole portions formed in the dielectric substrates (anten- 
na substrate and circuit substrate) for inserting the cent- 45 
er conductor therethrough. In this conjunction, the elec- 
trically conductive layers 23 and 33 formed on the lateral 
surfaces of the through-hole portions mentioned above 
may be extended so as to form lands 22 and 32 flush 
with the ground conductors 21, and 31, respectively, so 
which is effective for protecting the lateral surface con- 
ductive layers froindelarhjnatio^ strjucturerde- 
scrtbed above, the space defined between the dielectric, 
substrate and the center. conductor can be filled wijh so|rj 
d r ess nt (ally without any void owing to. high -contact 55 
susceptibility, of th_ m tall ic f conductor and the solder 
In this way, rnec^nical. strength of the high-frequency 
transmitter-rec iyer apparatus according to the instant* 



embodiment of the pr sent invention can be increased. 
Thus, the high-frequency transmitter-r cerver appara- 
tus according to the invention can be protected against 
deterioration of the characteristics even when the appa- 
ratus is employed in a vehicle-onboard radar system. At 
this juncture, it should be added that unless the lateral 
surface conductive layers are provided, the current will 
flow along: the solder surface and thus the loss due to 
roughness of the solder surface will not be negligible. 
By contrast, with the structure described above, the cur- 
rent can flow through the lateral surface conductive lay- 
ers, whereby the electric loss can be suppressed to a 
minimum. Such advantageous effects can be observed 
especially in the millimeter wave region. 
[0025] For soldering, a metal such as AuSn, AuSi or 
the like can be used as well. Further, for the connection 
of the coaxial line, welding, ribbon bonding or the like 
may be resorted to in addition to the soldering. 
[0026] Figure 6 is a sectional view of an antenna unit 
according to another embodiment of the present inven- 
tion. The antenna unit according to the instant embodi- 
ment, jsi comprised of a high-frequency transrhitter-re- 
ceiver apparatus or device described hereinbefore by 
reference figs; 1 lo '4 which is integrally combined with 
,a signal processing circuit Referring to the figure, a sig- 
nal processing circuit substrate 1 7-on which circuit com- 
ponents^ 8 sucrvas those-fora* power source circuit and 
an, IF, signal processing ^circuit a col mounted is disposed 
in the vicinity of the! htgrv-f requency transmitter-receiver 
4evicer whereiathe high-frecftrerlcV transmitter-receiver 
device and thasignahprocesstng circuit are electrically 
interconnected by a lead wire 19* An antenna cover 16 
formed of a dielectric^ is .mounted 60(as to cover th 
whole antenna array whilenaxover l&of signal process- 
ing circuit made of a metal and covering wholly the trans- 
ceiver circuit and the signal processing circuit is mount- 
ed directly on the base plate 1 , wherein signal transfers 
with external apparatuses are realized through the me- 
dium of a lead terminal 20 for external connection. For 
mounting the signal processing circuit cover 15, airtight- 
ness is not required because the circuit components 18 
are packaged. . -■■ • * 

[0027] Figure 7 is a sectional view showing a modified 
structure of the antenna unit. shown in Fig. 6. In this an- 
tenna unit, some of the circuit components 18 for the IF 
signal processing circuit such as an operational ampli- 
fier and/or other is accommodated within the space de- 
fined by the transceiver component , cover 5 mounted 
hermetically, wherein the IFsignajjs/takehout externally 
from the tianscerven component cover 5 after having 
been amplified (i.e., after the sigriaTtevel bf the IF signal 
has been raised). Parenthetically, reference numeral 
18-1 in.Fig. 7 denotes the other parts or circuitries of th 
signal processing circuit With the structure of the an- 
tenna unit shown in Fig! 71111' amplified IF signal is but- 
putted -from th transc ivercircurtpaclcagedhermetical- 
ly/Fhus. the IF signal is less susce'ptible'f the influence 
of n ise generated by the othef signaTprocessing circuit ' 
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components 18-1 including digital circuitries, which 
means that improved S/N ratio can be ensured, to an 
advantage. . 

[0028] By the way. at present, development of novel 
road traffic systems is b ing studied for practical appli- 
cations with a view to solving the problems encountered 
in the road traffic such as traffic accidents, traffic jam 
and the like. As one of such road traffic systems, a ve- 
hicle-onboard radar system (i.e., radar equipment for 
automobiles or motor vehicles) is underdevelopment for 
measuring or ranging the distance to a fore-running mo- 
tor vehicle from a motor vehicle equipped with a radar 
(hereinafter referred to as the subject motor vehicle only 
ior convenience of description), detecting an obstacle 
on the road and so forth for" thereby controlling appro- 
priately operation of the subject motor vehicle. Figure 
1 9 is a pictorial view for illustrating schematically a con- 
figuration of such radar system. 

[0029] Referring to Rg. 13, the radar system illustrat- 
ed includes an antenna unit 151 designed fdr transmit- 
ting or sending out radio wave of millimeter-wave band 
and receiving echo returning from the fore-runniVigTno- 
tor vehicle or the obstacle to thereby delect difference 
between the frequency of the transmitted radio wave 
and that of the echo. Incidentally, it should be mentioned 
that th© radio wave b* Sh& rriiilir.ieter-wave baild is less 
susceptible to the influence of waather conditions as 
compared with 1 the Wrai etJ laser known heretofore and 
can thus ensure high accuracy tor measurement of the 
inter-vshiclo distance distance between the toe- 
running motor vehicle and i the subject nrxitcr vehide).' 
[0030] Or. the basisof ihe difference between the fre- 
quency of ifto transmitted <ad:o v/ave and that of the 
echo as detected, thfs relative running speed between 
the fore-running motor vehicle and the subject motor ve- 
hicle can be determined; Additionally, the inter-vehicle 
distance between the fore-running motor vehicle and 
the subject vehicle as well as the direction in which the 
fore-running mote vehicle is located, as viewed from 
the subject motor vehicle, can be detected. To this end, 
a signal processing unit 152 is provided for performing 
appropriate arithmetic processings on the output signal 
of the antenna unit 151 to thereby make decision as to 
the environmental situation for effectuating automatical- 
ly controls required or desired for the subject motor ve- 
hicle such as throttle control, transmission control, brake 
control and/or the like. In addition to such automatic con- 
trol of the motor vehicle, the ambient or environmental 
situations such as existence of obstacle, presence of a 
fore-running motor vehicle, relative speed between the 
fore-running motor vehicle and the subject motor vehicle 
should preferably be messaged to the operator or driver 
of the subject motor vehicle/Besides, an alarm should 
be issued to the driver as occasion requires. The signal 
proc ssing unit 152 sends the rel vant information to a 
driver display devic 153 which is d signed to ex cute 
relevant display processings and alarm message gen- 
erating processing on the basis of the signals or infor- 



mation received from the signal processing unit 152 
[0031] In the radar system. such as illustrated in Fig 
19. the signal processing unit and the antenna unit are 
provided discretely or separately from each other. How- 

5 ever, it should be noted that both the signal processing 
unit and the antenna unit can be combined in a unitary 
structure by realizing the antenna unit in a miniaturized 
structure. Needless to say, integral combination of the 
signal processing unit and the antenna unit can facilitate 

10 mounting of the radar system on the motor vehicle or 
automobile. 

[0032] As can be appreciated from the above, it is re- 
quired that the antenna unit be mounted on the front or 
lateral side of the motor vehicle. To this end, the antenna 
is unit should preferably be implemented in a small size at 
light weight. Besides, in consideration of vibrations of 
the motor vehicle to which the antenna unit is subjected 
in the course of running of the motor vehicle, a high me- 
chanical strength should be ensured for the antenna 
20 unit. 

[0033] Figure 8 is a sectional view showing a high- 
frequency transmitter-receryer apparatus which is de- 
signed for use in an antenna' unit according to yet an- 
other embodiment of the present invention. As can b 

25 ® een from the figure, the apparatus includes a bas 
prate 101 \ (cdmpc>sed of sections .101-1 and 101-2) 
made of a metal and having a top surface on which an 
• antenna substrate 102 formed of a dielectric for consti- 
tuting an antenna' is bonded arid.a bottom surface on 

30 which a cirpuit substrate 103 formed of a dielectrb for 
consiiiutirig a transceiver circuit and an MMIC semicon- 
ductor chip 1 04 are mounted py bonding. Metal patterns 
110 on circuit substrate deposited on the surface of the 
circuit substrate 1 03 and metal patterns 1 07 on antenna 

35 substrate deposited on the surface of the antenna sub- 
strate 102 are electrically connected to each other by 
an RF (radio frequency) coaxial line which is realized by 
adielectric 114 and a metal center conductor 106. Since 
the MMIC semiconductor chip is not packaged, the 

w transceiver circuit is hermetically sealed by means of a 
cover 105 of transceiver components made of a metal. 
The metal patterns 1 1 0 on circuit substrate and the sem- 
iconductor chips 104 are electrically interconnected by 
bonding wires 111. Parenthetically/the MMIC semicon- 

<5 ductor chip 104 may be implemented in a so-called flip- 
chip package structure in which the MMIC semiconduc- 
tor chip 1041s directly contacted onto the circuit sub- 
strate 103. Further, the base plate 101 and the trans- 
ceiver component cover 105 may-be formed of a non- 

o metallic material such as plastic or the like with the sur- 
face thereof being coated with metal through plating, 
evaporation or the like process. " 

[0034] The base plate 101 is divided separately into 
a p ripheral portion i 01-1 wh r the transc iv r circuit 
s is provided and a mid portion 101-2. Th mid portion 
101-2 should b so dim hsioned as to include at I ast 
the area which is hermetically s aled by th . transceiver 
ccrnponent cover 105. By realizing the base plat ' 101 
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in the divided or separable structure, efficiency in as- 
s mbling th high-fr qu ncy transmitter-receiver appa- 
ratus as a whole can be enhanced, provided that the 
area of the transceiver circuit is sufficiently small when 
compared with that of the antenna. $ 
[0035] Provided at the mid portion 101-2 of the base 
plate substantially orthogonally to the plane of the an- 
tenna is a connecting terminal of a coaxial structure 
(hereinafter also referred to as the coaxial terminal) 
which is composed of a metal conductor 108-i Jor the io 
terminal and a dielectric 1 08-2 for the terminal and which 
serves as the power supplying terminal (D C. bias sup- 
ply terminal) and/or the IF (intermediate frequency) sig- 
nal terminal. On the other hand! the mid portion 101.-2 
of the base plate is partialjy recessed in the surface on : . is 
which the antenna substrate is bonded; as Hlustrajed jn 
Figs. lOAand 10B. Within the recess formed in the base 
plate, the metal conductor 1 08-1 for the terminal js elec- 
trically connected to the lead wire 1Q9 forrjiing the ter- 
minal for external connection to be thereby connected ?o 
to an external power supply circuit or a signal processing 
circuit also provided extemally/J.ncident^lly, .when.tfje 
high-frequency transmitter-recejyer [ app^ajus. . ^ is 
equipped with two antennas, i.e. v transm^ 
and receiving antenna, there are required twp,cc*axtal : .2S 
terminals for interconnectihg the trans^eryer f cjccujt and 
these two antennas. Further, rVshoulcJ be | men^tipfi^tbat 
although the D.C; bias suj^fy terming 
terminal ahd the j F "signaj terminal, are p^6yjd£d aj^one 
side of the housing they rpay be p^c^idedai ^bqih^ipl^s. 0 30 
Of course! tr^e W^ntiph is never /£s^^ 

[0036] Rgfare 9^^^ 

quency trahsmrtter-rpceiver apparatus ac^r^tng to the 
instant embcdirheht of the invention, in wniiJi'the anten- 35 
na substrate 102 bonded onto the top . surface of the 
base plate is indicated by a phantom line. 
[0037] Figures 10A and 10B show_a structure of the 
mid portion 1 01-2 of the base plate according to an em- 
bodiment of the invention, in which Fig. 1 0A is a top plan 40 
view of the mid portion 101 -2, and Fig. 10B is a sectional 
view of the same taken along a Tine'A-B shown in Fig. 
10A. Referring to the figures, numeral 106 i denotes a 
through-hole for the coaxial line interconnecting the 
transceiver circuit and the antenna, and numeral 108 *5 
denotes through +ioles for the coaxial terminals for the 
D.C. bias supply or power supply and the IF signal. As 
described hereinbefore, the surface I of the mid portion 
101-2 onto which the antenna' substrate is, bonded . is 
part ial ry recessed for accommodating signal . I ines. ex- so 
t nding from the coaxial terminal. .]_ t , . , , . 

[0038] Figure 1 1 is a partially enlarged sectional view 
for illustrating a structure around the coaxial terminal (L 
e., terminal of the coaxial structure)." As can be. seen in 
th figure, the di lectric substrat 103 constituting a part ss 
of th transce ive r circ u it is bonded onto the bottom sur- 
face of the mid portion 101-2 of the ba§ f plate. .The 
thr ugh-hble i 08 is formed in the dielectric, substrate 



103. and on nd portion of th metal conductor 108-1 
of the coaxial terminal is inserted into the through-hole 
to be subsequently connected to the pattern conductor 
of the transceiver circuit by soldering, as designated by 
numeral 112. The other end of the metal conductor 
108-1 is connected to the lead wire (external terminal) 
109 covered with an insulation coat. The lead wire 109 
is connected to .the signal , processing circuit provided 
externally. When lots of terminals are to be provided, a 
flat cable or the like available commercially can be made 
use of as the lead wires. The dielectric 108-2 supporting 
the metal conductor 108-1 ot the coaxial terminal may 
serve for electrical insulation. By using ceramic or glass 
as the dielectric 108-2, airtightness of the transceiver 
circuit can be enhanced with the reliability thereof being 
enhanced. , . ; 

[0039] For forming tt]e electric, connection between 
the metal conductor 1 08-^1 and thefnetal patterns on the 
transceiver, circuit ..substrate ^ the. lateral surface of the 
th rough-hole , (orrned in -the^die|eclric substrate 103 is 
^ coaiec^rth.ao electricaJly conductive layer through plat- 
^ag*oi;.the liKe t pxocess. r Thu^ 4 4tie space defined between 
the dielectric substrate and the center conductor can b 
fjljeaVwrth^s^ the high contact 

, susceptibility, or t -.affin|^;, ^jigew the jmetal .conductor 
Vand ^aspWe^ meohanical strength can. be 

w jpc/qased,. , : . V3f r ridl „ \^ ^ ^, f 3 ; t \\ r .<. n ; c ; .... o ■ 
' [0040] ti . ^Figure^^is a yj.ew^how.ing a structure of the 
!cf^tal te t ^ embodiment 
o^thaipve^^^ portion of. the 

npefal co/i9luc^p^Tp8jJ ^lejpng^ted so that : lhe metal 
conductor 1 0fi^VcpQ 3>leaci wire, for connection 

to the siojnal proces^ing<;iFpuit provided externally, while 
the.other end portion pf .t^a^metal conductor 108-1 is 
connected to the pattern; cpn^uctp/ of the transceiver 
circuit by a bonding wire* /Further iruthe case of the 
structure shown in Fig. 12, the coaxial terminal formed 
by using a metallic sleeve 113 of Kovar, iron or the like 
. is provided separately to be connected to the mid portion 
1 01 -2 of the base plate by soldering or the like. . 
[0041 ] Figure 1 3 is a sectional view of a high-frequen- 
cy transmitter-receiver apparatus according to a further 
embodiment of the present invention. More specifically, 
the instant embodiment of the invention is directed to a 
structure of the high-frequency transmitter-receiver ap- 
paratus in which the mechanical strength as required 
can be sustained only by the antenna substrate because 
the area for the antenna is not excessively large or be- 
cause the antenna substrate isJttick. Thus, the base 
plate is noidivided into the peripheral portion 101 -1 and 
the mid portion ,101, -2, and thaantenna substrate, 102 is 
directly, mounted on the. base plate /I in- a region corre- 
sponding to the mid portion 101-2. . *. .,.*• 
[0042] Figure 14 is a sectional view of a high-frequen- 
cy transmitter-receiv r apparatus of a structur in which 
an transmitting antenna. and: a r c iving ant nna ar 
provided separately, from eactvother according to an- 
other embodiment of the present r inyention. In the high- 
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frequency transmitter-receiver apparatus now under 
consideration, the power supplying terminal and the ter- 
minal for the IF signal are provided at right and left end 
portions, respectively, as viewed in the figure, wherein 
high-frequency (RF) coaxial lines 106-1 and 106-2 for 5 
establishing connection between the antenna pattern 
conductors (metal patterns) and the high-frequency cir- 
cuit pattern conductor (metal patterns) are provided dis- 
cretely at two locations, i.e., at left-hand and right-hand 
sides, as viewed in the figure. w 
[0043] Figures 1 5A and 1 5B show yet another struc- 
ture of the high-frequency transmitter-receiver appara- 
tus according to an embodiment of the invention in 
which an antenna is employed corrinrioh to transmission 
and reception, wherein Fig. : 15A is a circuit diagram of is 
a high-frequency (RF) circuit arrangement and Fig. 15B 
shows an RF circuit pattern provided on a dielectric sub- 
strate 1 03. Referring to Fig: T5A, an RF (radio frequen- 
cy) signal generated by ah oscillator 127 is fed to an 
antenna 121 via a circulator 122: Since the antenna 121 20 
is used for signal transmission and reception, the re- 
ceived RF signal, i.e., echo signal, is applied to the mixer 
123 via the circulator i22. On the other hand, the RF 
signal generated by the oscillator 1 27 is supplied to the ; 
mixer 123 as a Eocal oscillation signal via a* coupler 125, 2S 
whereby the .ocsivod RF signal or echo is converted 
into an IF (intetriisdiate iirequehcy) signal / which is taken 
out from ah IF signal ;erm;nal 124. A resistor 126 serves 
to stably cporaie "the* courier 125/ 1 

[0Q44] fMoxi referring 16 Fig. tlSB/tnS'RF signal gen-' '30 
orated by the osciJIaior H £7 implemented in the form of 
an MMIC uemk^hdujtci ci^ip is applied to an RF coaxial 
terminal 1 30 which interconnects the RF circuit and the 
antenna through a microstrip line 1 28 and the circulator 
122. Supplied to the individual MMIC semiconductor 35 
chips is a DC. power or D.C. bias from the D.C-. bias 
supply terminals 1 31 through a D C. bias supply line 1 29 
(shown by a phantom iine) deposited on the dielectric 
substrates 103. 

[0045] As can be seen in Fig. 15B, the D.C. bias sup- 40 
ply terminals 13Tand the IF signal terminals 124should 
preferably be disposed at locations in the vicinity of op- 
posite sides (right and left sides as viewed in the figure) 
of the dielectric substrate 103, respectively, so that the 
IF signal lines and the D.C. bias supply lines do not ex- *s 
tend in parallel. In case the IF signal lines and the power 
supply lines extend in parallel, the IF signal may under- 
go interference by the noise carried by the D.C. bias 
supply iine. Thus, vJhen it is necessary in view of the 
circuit layout to provide the SF signal line and the D.C. so 
bias supply line so that they extend in parallel with each 
other, a ground conductor (earth conductor) should be 
disposed between the D.C. bias supply line and the IF 
signal line for thereby preventing or suppr ssing th 
nois carried by th form&r from leaking to the latter. ss 
[0046] Figur s 16A and 16B show a structure of the 
high-frequency transmitt r-receiver apparatus accord- 
ing to another ambodiment of the invention in which a 



transmitting antenna and a receiving antenna are pro- 
vided separately from each other, wherein Figs. 16A is 
a circuit diagram showing a high-frequency (RF) circuit 
arrangement and Fig. 16B shows a corresponding RF 
circuit pattern. Referring to Fig. 16A, an RF (radio fre- 
quency) signal generated by an oscillator 1 27 is sent out 
from a transmitting antenna 121-1 through an RF am- 
plifier 133 via a distributor 134. The RF echo received 
by a receiving antenna 1 21 -2 is supplied to a mixer 1 23 
Additionally, a part of the RF signal generated by the 
oscillator 1 27 is also supplied to the mixer 1 23 as a local 
oscillation signalvia the distributor 134. Referring to Fig. 
16B, the RF signal outputted from the oscillator 127 
which is realized in the form of an MMIC semiconductor 
chip is supplied through a microstrip line 128 to an RF 
coaxial terminal 130-1 interconnecting the RF circuit 
and the transmitting antenna, while the signal received 
by the receiving antenna is applied to the mixer 1 23 im- 
plemented in the form of an MMIC semiconductor chip 
via an RF coaxiai terminal 1 30-2. 

[0047] Figure 17A and 17B show a high-frequ ncy 
transmitter-receiver apparatus according to still anoth r 
embodiment of the present invention in which the trans- 
mitting antenna and the receiving iantenna are provided 
separately from each other and in which a plurality of 
receiving antennas are provided in order to catch with 
' high accuracy the direction in which a fore-running mo- 
tor vahicls and/or obstacle exists. More specifically, Fig. 
17A shows an exemplary RF circuit arrangement while 
Fig. 1 7B ^shows a correspoVidihg RF circuit pattern. Re- 
ferring i io Fig. 17A, ^rv^ an oscil- 
fatoM27 is' sens out from a transmfeing antenna 121-1 
through an RF amplifier 133 via a "distributor 1 34- i . On 
the other hand, the RF echoes as received by a plurality 
of transmitting receiving antennas 121-2 and 121-3 are 
supplied to mixers 123-1; 123-2. Additionally, a part of 
the RF signal generated by the oscillator 1 27 is also sup- 
plied to the mixers 123-1 and 123-2 as a local oscillation 
signal via distributors 1 34-1 and 1 34-2, respectively. Re- 
ferring to Fig. 17Bj the RF signal outputted from the os- 
cillator 127 which is realized in the form of a semicon- 
ductor chip is supplied through a microstrip line 128 to 
an RF coaxial terminal 1 30-1 interconnecting the RF cir- 
cuit and the transmitting antennas, while the echoes re- 
ceived by the receiving antennas are applied to the mix- 
ers 123-1 and 123-2 each implemented in the form of a 
semiconductor chip via RF coaxial terminals 1 30-2 and 
130-3, respectively. 

[0048] In the case of the highatrequency transmitter- 
receiver apparatuses shown in Figs. 16B and 17B, r - 
spectively, the IF signal terminals 124 and the D.C. bias 
supply terminals 1 31 are provided at locations near to 
the opposite sides of trie dielectric substrate 103, re- 
sp ctively, to th reby pr v ntth IF signal I jn sand the 
D.C bias supply lines from ext. nding in parallel. 
[0049] As is appar nt from th foregoing, according 
to the teachings of th invention, th re can b r afiz d 
a unitary structure of the high-frequ ncy transmitter-re- 
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ceiver apparatus in which the transceiver circuit and the 
ant nna are combined integrally, which is very advan- 
tageous in that not only the characteristics can be im- 
proved but also the number of parts can be significantly 
reduced and additionally the apparatus as a whole can 
be miniaturized' 

[0050] Further, it can be understood that according to 
the present invention, the efficiency of work involved in 
assembling the high-frequency transmitter-receiver ap- 
paratus can be enhanced while ensuring airtightness 
thereof by virtue of such arrangement that the coaxial 
terminal which may have a same structure as the coaxial 
line interconnecting the transceiver circuit and the an- 
tenna is used as the connecting terminal for electrically 
interconnecting the transceiver circuit and the. external 
terminal. 



Claims 

1 . A transmitter- receiver apparatus,. cc^prising^ - 

a i base plate (1); , ■ ^ 

a transceiver circuit (3; 4; .1 0) pirc^vide^Qa%tirst 
surface of said base plate (i ); andV^* 
ah antenna (2; 7) provid^ 
of said base plate (1) ^ 
, . face^bn whicrrsaid 

wherein said transceiver circuit and said anten- 
na are electrically connected to, e^ac^j. other 
/ / ' ' through a 'coaxial Iine7<$; Jl^ ) ^ic^/.e^er>ds 
] " thipugh'^id'b^e.piate (i j^.l : ? \ . lov - f 

2. . A transmitter-receiver apparatus accorcting.to claim 
1; 

wherein said transceiver circuit (3; 4; 10) in- 
* eludes a metal circuit pattern (10) provided on 
a first dielectric substrate (3) and a semicon- 
ductor chip (4) connected to said metal circuit 
pattern (10), and 
. . wherein said antenna includes an metal anten- 
_ na pattern (7), provided on a second dielectric 
substrate (2). . 

3. A transmitter-receiver apparatus according to claim 

2. . - 

wherein said coaxial line includes a center con- 
ductor (6) which extends through a through- 
hole (1 06) formed so as to extend through said 
base plate (1), said first dielectric substrate (3) 
and' said second dielectric substrate (2) and 
which l is electrically connected to saidm talcir- 
cu it pattern ( 10) and. said m tal antenna pattern 
(7) v resp'ectively ,'.and M . , 
wherein .lateral surfaces of said through -hoi ^ 



(106) formed in said first dielectric substrate (3) 
and said s cond dielectric substrate (2). re- 
spectively, are provided with electrically con- 
ductive layers (23) which extend from said met- 
s al circuit pattern (10) and said metal antenna 

pattern (7), respectively. 

4. A high-frequency transmitter-receiver apparatus 
comprising a high-frequency transceiver circuit in- 

w eluding an oscillator (127), an amplifier (133) and a 
mixer circuit (123) and an antenna for transmitting 
and receiving a.high-frequency signal, 

wherein high-f/equency circuits including the 
1$ oscillator (127), the amplifier (1 33) and the mix- 

er circuit (.123) are each implemented in a pla- 
nar circuit structure by using an dielectric sub- 
strate (103) and a semiconductor chip (4), while 
sajd antenna isjncjplemented in aplanar anten- 
20 , ,na,.structure ; by ..using, a dielectric substrate 

i r,; r. c ?^rsin said diele^ric substrate (3; -1 03) con- 
n * \j -st^uti.ng-a. part of ^sajd planar ,circuit structure 
r . y l_ . -and saifd^diejeclna^bstrate (2;. 102) constitut- 
es „ , - .„ L ,jng a oag of said planar antenna structure] are 
, . . ^ C[ dfrTOtl^ surfaces, 
, . ; ... : v respecthfe^,.oiFia; single^ electrically conductive 
. A 5 . ; : ; base pjaje ( 1)r s^jsJ; fj rst and .second su rf aces 
being opposite tCA-e^eft qttlier,? and , 
• 30 . r r %rr ^ ^erQ^high-frequePC^signal hnesof said pla- 
v: f . f-i w ^.^c«rcuit^dsaic^an^riantenna, respective- 
. ^ . j - >t ly. are^ intejrcpnn^ coaxial line (6. 1 4; 

^ . , :;!) 106-i.rio&^ base 
.. . plate (1-)-vr MhJ^r.i.n /■ ■ 

35 > t - y.. '/ rvi;<vj>r< vi. . . * } 

5. A high-frequency transTnittecrreceiver apparatus 

according to claim 4, ; . t ; * 

-wherein a mid portion (.1 -2) of said base plate 
(1) where said transceiver circuit is provided and 
40 other portion (1-1 ) of said base plate (1 ) are divided 
so as to be separable from each other. , 

6..A high-frequency transmitter-receiver -apparatus 
. according to claim 4, 
45 wherein those portions of said coaxial line (6; 

.14) at which said coaxial line . is to be connected, 
respectively, to the dielectric substrate (3; 1 03) con- 
stituting a part of said planar circuit structure and 
the dielectric substrate {2 C IQ2) constituting a part 
so of said planar an{enna structure are realized in an 
, airtight .structure . by using a dielectric - including 
glass or ceramic which constitutes a ; part of said co- 
axial line. . k . . v,.C - ■ ' ' y^'. i ' ' 

.55 7. .a high-frequency. -transmitterrreceiver apparatus 
according to claim 4j. ! , . . . 
.. ^ wherein at those portions of said coaxial lin 
, where said coaxial line is connected to said planar 
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11.. A high-frequency transmitter-receiver apparatus, 
comprising: 

a base plate (1); 
^ an antenna (2; 7) provided on a first surface of 

said base plate (1); 

a. transceiver circuit (3; 4; 10) provided on a 
second surface of said base plate (1 ) opposite 
to said first surface and electrically connected 
10 to sard antenna; and 

a terminal (1 2; 1 2') for external connection pro- 
vided on said second surface of said base plate 
(1 ) for supplying a source current to said trans- 
ceiver circuit or outputting a signal; 
15 wherein said base plate (1 ) being provided with 

a concave portion in said first surface and cov- 
ered with said antenna and a through-hole 
(108) extending through said concave portion 
and said second surface, 
; wherein p connecting terminal for supplying a 
source current to said transceiver circuit or out- 
putting a signal extends through said through- 
. . hole (108) and electrically connected to said x- 

( . ternal terminal in said concave portion, and 

25 wherein said connecting terminal is implement- 

,®d in a !ine structure having a metal conductor 

,.~ (108-1). electrically insulated from said base 
... . plate (1) jn,said through^ole (108). 

30 12- A high-frequency transmitter-receiver apparatus 
.'. . v according toclairn.11, . ' / 

* t ^ er ? Sr i saic3 connecting terminal is imple- 
mented in anairtight structure by using a dielectric 
(1 06-J ) including glass or ceramic for electrically in- 
35 sulating the core conductor of said connecting ter- 
minal from said base plate (1 ). 
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circuit structure and said planar antenna structure, 
respectively, lateral surfaces of through-hole por- 
tions through which a center conductor (6) of said 
coaxial line extends and wh ich are formed in the di- 
electric substrate (3: 1 03) constituting a part of said 
planar circuit structure and the dielectric substrate 
(2; 102) constituting a part of said planar antenna 
structure, respectively, are coated with an electri- 
cally conductive layer including a plated layer 

8. An antenna unit incorporating a high-frequency 
transmitter-receiver device including high-frequen- 
cy circuits having an oscillator (127) : an amplifier 
(1 33) and a mixer circuit (1 23) and implemented in 
a planar circuit structure by using a dielectric sub- 
strate (2; 102) and a semiconductor chip (4; 104) 
and an antenna (107) implemented in a planar an- 
tenna structure by using a dielectric substrate (2; 
102), said dielectric substrate (103) constituting a 
part of said planar circuit structure and said dielec- 
tric substrate (2; 1 02) constituting a part of said pla- 
nar antenna structure being directly bonded on first 
and second surfaces, respectively,' of a single elec- 
trically conductive base plate (i ), said first and sec- 
ond surfaces being bpposite to each other, wherein 
high-frequency signal lines of said planarcircuit and 
said planar antenna; respectively, are" interconnect- 
ed by an coaxial Sins (6; 14) GXtonding through said 
base piate (1; 101), ' - ' 

vvherein sakr^ en . 
closed by an Qiectricaily conductive cover (5; 
105) mounted directly on said base plate (1; 
101); and" 1 : : '- ,iJ ' 
wherein tefrrinals for D.C. bias supply and for 
intermediate-frequency signal are provided in 
said electrically conductive cover in a portion 
thereof, said terminals being electrically insu- 
lated from said cover. 

>. An antenna unit according to claim 8, 

•wherein a portion of a circuit for processing 
the intermediate -frequency signal outputted from 
said high frequency transceiver circuit is accommo- 
dated within said electrically conductive cover (1 05) 
in addition to said high-frequency transceiver cir- 
cuit 

0. An antenna unit according to claim 8, 

wherein a cover (16) rhadie of a dielectric for 
enclosing the antenna as a whole is provided at a 
side where st.id antenna is provided, said cover ( 1 6) 
being mounted directly on the base plate (1), while 
an electrically conductive cover (15) enclosing the 
transc iv r circuit (3; 4; 10), a D.C. bias supply cir- 
cuitry, an intermedial -fr quency circuit and other 
circuitri s is mount d dir ctly on th bas plate (1) 
at the 6th r side. ' * ' : 



13. A high-frequency, transmitter-receiver apparatus 
according to claim 11, 

wherein a connecting line constituted by a cy- 
lindrical metallic sleeve (113) as an outer electrical 
conductor, a dielectric provided internally of said 
sleeve and a metal conductor provided internally of 
said sleeve is employed for interconnection of said 
connecting terminal or said antenna and said trans- 
ceiver circuit. 



14. A high-frequency transmitter-receiver apparatus, 
comprising: 

so 

a base plate (1); 

an antenna (2; 7) provided on a first surface of 
said base plate (1); 

a transc iv r circuit (3; 4; 10) provided on a 
55 second surfac. of said bas plat (1) cpposit 

to said first surfac and el ctrically connected 
to said antenna; . 
a first terminal array (1 31 ) for external conn c- 
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15. 



tion provided on said second surface of said 
bas pla!e (1 ) for supplying a sourc current to 
said transceiver circuit: and 
a second terminal array (1 24) for external con- 
nection provided on said second surface of said 
base plate (1 ) for outputting an electric signal 
wherein a first connecting terminal intercon- 
necting said transceiver circuit and said first ter- 
minal (12) for the external connection on one 

: hand and a second connecting terminal for in- 
terconnecting said transceiver circuit and said 

* terminal (12) for the external connection on the 
other hand are provided, respectively, at differ- 
ent locations close to sides of a substrate on 
which skid transceiver circuit is formed. 

A high-frequency transmitter-receiver apparatus, 
comprising: 



70 



15 



tion provided on said second surfac of said 
base plat (1 ) for supplying a sourc current to 
said transceiver circuit: and 
a second terminal array (124) for external con- 
nection provided on said second surface of said 
base pjate (1) for outputting an electric signal, 
wherein said high-frequency transmitter- re- 
ceiver apparatus f urther comprises: . 
first lines (125;. 128) for interconnecting first 
connecting terminals connected to said first ter- 
minal array (131) and circuit components of 
1 said transceiver circuit; 
second lines for interconnecting second con- 
necting terminals connected to said second ter- 
minal, array ( : i?4)' and circuit components of 
said transceiver circuit, and 
a ground conductor provided between said first 
lines arid said second lines. " 



a base plate (1), ~ : *' 

an antenna (2; 7)' provided on' a first surface of 
said base plate (1); ' * ° ) * " 
a transceiver cfrduit (3; A^ipj provided on a 
second su rf ace of said base pla't^ ( 1 ) opposite 
to said first surfac^ and diecthcafry connected, 
to safd antenna; ' rt ~' : n " ' ' rA '* 
a first terminal array "(1 31 ) ; f6r^e^emal connec- 
tiori provVded on said second surface of said 
base plate'(1 ) for supplying a source current to 
said transceiver circuit; and „ ^ 

a second terminalarray ii24)f6rkyaenia\ con- 
nection provided on saldWecond iSrface /of said 
base p(ate r (i fior ^dutputtin^^S'eJectric sic^ial, 
wherein^ said 0 hVgrV-fre^ueHby 4rarismrtter-re- 
ceive r apparatus f u rthe r comprfeei: ' ' 
ftrst lines (125;" 128) 'for iritercon necking first 
connecting ^erminals^conriected to said first ter- 
minal array ( 1 31 ) and circuit components ( 1 27; 
1 22, 1 23) of said transceiver circuit; and 
second lines (129) for interconnecting second 
connecting terminals connected to said second 
terminal array (124) and circuit components 
(127) of said transceiver circuit, 
wherein said first and second lines are so pro- 
vided as not to extend in parallel with each oth- 
er. * "~ 
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45 



A ri igh'-f req uency transmitter-recei ve.r apparatu s of 
an integrated structure r comprising a high-frequen- 
A Q^trarisceiyeY "circuH including an oscillator (1 27), 
'an am^ a mixer circuit (123) and an 

* a^ferira a, highrf requency 

signal^ w^ereip . h^h-t circuits including 

' j^e^oscijlatar (1 $7)^ thej J^pjifior^l 33) and the mix- 
/ eir circuit JX^d^a^'^ld^X^n^ (7) ,are t provid d 
\ on first a^cf sei^i^su Cface^ a c sjngle electrically 
conductive base plate (1 ) r sajd firglancJ second sur- 
faces being opposite to each other, 

t . ,YtyPrei. n )t _hi^ lines of said 

' ele^ of a coaxial 

'line (£; 14| wh'ich fextendslnroy^ri said base plate, 
and wherein a-c^neqtip^ tor connecting 

. said high-frequency circuit to.ah, external circuit in- 
cluding a power source circuit and a signal process- 
ing circuit is implemented ih'a i jine structure having 
a metal conductor electrically insulated from said 
base plate (1) and disposedln such orientation as 
to extend partial lyjh rough, said base plate (1) so 
that a lead-out portion i of a lead wire interconnecting 

>aid high-frequency circuit,and said external circuit 
is provided on said second surface on which said 
antenna (7) is provided. . ^ : 1 . 



16. A high-frequency transmitter-receiver apparatus, 
comprising: 

a base plate (1); 

an antenna (2; 7) provided on a "first surface of 
said base plate (1); 

a transceiver circuit (3; 4; 10) provided on a 
second surfac' of said base plat (i) opposite 
to said first surfac and lectrically connect d 
to said antenna; 

a first terminal array (131) for external connec- 



so 



ss 



18. A high-frequency transmitter-receiver apparatus 
according to claim 1 7, . Jm ^., 

wherein s*aid connecting terminal for said ex- 
ternal circujt js. jmplementect in an airtight structur 
by using' a cJiejecfric ( 1.Q6 T i). including glass, or c - 
ramie for eJectrjcaJV.'r>s.Hjating the core conductor 

( * of said c^hectTng terminal from said base plate ( 1 ). 

19- A high-7requ ncy transmitter-rreceiy r apparatus 
. according to claim 1 \7," f . 

wherein outer conductors pf said coaxial line 
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for interconnecting said high-frequency circuit and 23. 
said antenna (7) and said connecting terminal for 
connection with the external circuit are each formed 
of a cylindrical metal sleeve (113) of Kovar, iron or 
the like with the core conductor and insulation ma- s 
terial being disposed within said sleeve (113), 
whereby each o1 said coaxial line and said connect- 
ing terminal being implemented as discrete parts, 
respectively, which are mounted on said base plate 
(1 ) by a process including welding io 

20. A high-frequency transmitter-receiver apparatus 
according to claim 17, . . . 

wherein the core conductor cf the line for con- 
nection with the power source circuit or the signal is 
processing circuit is extended to be connected di- 
rectly- to a terminal of sad power source circuit or 
said signal processing circuit. 

V 20 

21. A high-frequency transmitter-receiver "apparatus 
according to claim 17, 

wherein a lead wire which connects the metal 
conductor of the line for connection with the power 
source circuit or the signal processing circuit to a 2S 
terminal of said power source circuit or said signal 
processing circuit implemented in the form of flat 
cable covered with an insulation coat and mounted 
by welding or the like process so that the lead wire , - 
can be led out in a direction along the surface of * so 
said base plate (1). 

22. A vehicle-onbosrd fadar system mounted on a mo- 
tor vehicle for generating control information for 
said motor vehicle, comprising: 35 

an antenna unit (151) for transmitting a radio 
wave of a high frequency to receive an echo 
wave of said high frequency for thereby detect- 
ing difference in frequency between said radio 40 
wave transmitted and said echo received; and 
a signal processing unit (152) for determining 
environmental situation of said motor vehicle 
on the basis of the detected frequency differ- 
ence for generating control information for said 45 
motor vehicle, 

wherein said antenna unit comprises an anten- 
na (7) for sending out said high-frequency radio 
wave and a transceiver circuit for generating 
said high frequency and detecting said f requen- so 
' cy difference, said antenna and said transceiv- 
er circuit being disposed on opposite surfaces, 
respectively, of a base plate (1 ), and 
wherein said antenna and said transceiver cir- 
cuit is lectrically int rconn cted by means of ss * " 
a coaxial line extending through said bas plate 
(1) 



A vehicle-onboard radar system mounted on a mo- 
tor vehicle for generating control information for 
said motor vehicle, comprising: 

an antenna unit (151) for transmitting a radio 
wave of a high frequency to receive an echo 
wave of said high frequency for thereby detect- 
ing difference in frequency between said radio 
wave transmitted and said echo received; and 
a signal processing unit (152) for determining 
environmental situation of said motor vehicle 
on the basis of the detected frequency differ- 
ence for generating control information for said 
motor vehicle, 

wherein said antenna unit comprises an anten- 
na (7) for sending out said high-frequency radio 
wave and a transceiver circuit for generating 
said high frequency anddetecting said frequen- 
cy difference, said antenna and said transceiv- 
: , Qr circuit being disposed on opposite surfac s, 
respectively, ot a base plate (1 ), and 
wherein a first external terminal array (1 31 ) for 
suppiying a source current to said transceiver 
circuit and a second external terminal array 
(124) for outputting information indicating said 
frequency from said transceiver circuit are dis- 
posed along different sides, respectively, of 
said base plate (1). 
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